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1. Introduction
In [1], objective of Rel-12 CoMP SI was given as: 
· RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work. 
· In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.
· Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul). 

· The study will take into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.  

The throughput gains potentially achievable from the studied techniques should be evaluated, while also taking into account estimation errors, downlink overhead, complexity, feedback overhead, backward compatibility and practical UE implementations. Rel-11 MMSE-IRC is used as a baseline receiver for evaluating performance gain.
In [2], the distributed and centralized coordination as well as their signaling for non-ideal backhaul CoMP are discussed. In this contribution, preliminary evaluation results for inter-eNB centralization coordination are given. 
2. Centralized coordination
In [2], centralized scheduling and centralized restriction are discussed for inter-eNB CoMP techniques：

· Centralized scheduling: a centralized coordination process, where CCN can assign time and frequency resources for transmission at eNBs. 

· Centralized restriction: a centralized coordination process, where CCN only makes decision on scheduling restriction of each eNB, for example forbidden beamforming or even muting on some resources. 

According to discussion in [2], eNB sends eNB-to-CCN signaling, which includes instantaneous or statistical CSI of UEs, to CCN for centralized scheduling or restriction decision. In our evaluation, for simplicity of processing at CCN, instantaneous CSI of candidate UEs is used as eNB-to-CCN signaling for both processes. As a result, centralized scheduling and centralized restriction decision at CCN are similar. 
In the evaluation, one-way backhaul latency of 5ms and 10ms are considered, where 5ms and 10ms are respectively the largest latency for Fiber Access 3 and smallest latency for Fiber Access 1 in [3]. For centralized scheduling and centralized restriction, total backhaul latency is modeled as delay for CSI. For centralized scheduling, CCN execute centralized scheduling with CSI delayed by two-way backhaul latency. For centralized restriction, CCN decides scheduling restriction with CSI delayed by two-way backhaul latency, and eNBs make scheduling with latest CSI of UEs according to restriction information. Furthermore, for centralized scheduling, eNB selects precoding matrix and MCS for transmission with reference of latest CSI reports from UE, according to scheduling information. 
3. Evaluation results 
Performances of centralized coordination schemes are evaluated. In the current stage, the evaluation is carried out in CoMP Scenario 2 and Scenario 3 with full buffer traffic. 
a) Evaluations for CoMP Scenario 2
Table 1 shows spectrum efficiency performance in CoMP Scenario 2. From the results, we can see that coordinated scheduling (CS) with ideal backhaul assumption obtains little gain over SU-MIMO in CoMP Scenario 2. With 5ms one way backhaul latency, centralized inter-eNB CS have no gain at all. There seems no motivation for using inter-eNB centralized CS in CoMP Scenario 2.
Table 1: Performance of CS in CoMP Scenario 2, 2x2, cross-polarized antenna
	Transmission scheme
	One way backhaul latency (ms)
	Average cell spectrum efficiency (bps/Hz/cell)
	Cell average gain
	5% cell-edge user spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	0
	4.06
	0.0%
	0.127
	0.0%

	CS with ideal backhaul assumption
	0
	4.13
	1.67%
	0.129
	1.53%

	Inter-eNB centralized restriction
	5
	4.06
	-0.04%
	0.127
	0.16%

	Inter-eNB centralized scheduling
	5
	3.86
	-4.94%
	0.122
	-4.27%


b) Evaluations for CoMP Scenario 3
Table 2 shows spectrum efficiency performances in CoMP Scenario 3. From the results, about 20% cell-edge gain and more than 8% cell average gain for CS with ideal backhaul assumption is observed. When 5ms one-way backhaul latency is assumed, inter-eNB centralized restriction could maintain most gain of CS with ideal backhaul assumption. About 19% cell-edge gain and bout 6.5% cell average gain could be achieved. Although inter-eNB centralized scheduling has marginal cell average gain, it gets more than 14.3% cell-edge gain. Inter-eNB centralized restriction and centralized scheduling coordination have obvious gain in CoMP Scenario 3.
Table 2: Performance of CS in CoMP Scenario 3, (4, 2, 2), cross-polarized antenna
	Transmission scheme
	One way backhaul latency (ms)
	Average cell spectrum efficiency (bps/Hz/cell)
	Cell average gain
	5% cell-edge user spectrum efficiency (bps/Hz/user)
	Cell-edge gain

	SU-MIMO
	0
	11.11
	0.0%
	0.077
	0.0%

	CS with ideal backhaul assumption
	0
	12.05
	8.38%
	0.093
	20.35%

	Inter-eNB centralized restriction
	5
	11.84
	6.49%
	0.092
	19.01%

	Inter-eNB centralized scheduling
	5
	11.15
	0.36%
	0.088
	14.37%


Centralized coordination with assumption of 10ms one way backhaul latency is also evaluated. Figure 1 shows cell edge performances of centralized coordination with different backhaul latency assumptions. Figure 2 shows cell average performance of centralized coordination with different backhaul latency assumptions. 
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Figure 1: Cell edge spectrum efficiency (bps/Hz/UE) of inter-eNB centralized restriction (left) and centralized scheduling (right) with different backhaul latency
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Figure 2: Cell average spectrum efficiency (bps/Hz/cell) of inter-eNB centralized restriction (left) and centralized scheduling (right) with different backhaul latency
To summarize the evaluation, we have the following observations:

· There seems no motivation for using inter-eNB centralized CS in CoMP Scenario 2;

· Inter-eNB centralized restriction and centralized scheduling coordination have obvious gain in CoMP Scenario 3;

To complete evaluation tasks in this SI, further evaluation for distributed coordination scheme and evaluations in small cell scenarios are required.
4. Conclusion
In this contribution, we evaluated inter-eNB centralized restriction and centralized scheduling in CoMP Scenario 2 and CoMP Scenario 3. According to evaluation results, we have the observations:
· There seems no motivation for using inter-eNB centralized CS in CoMP Scenario 2;

· Inter-eNB centralized restriction and centralized scheduling coordination have obvious gain in CoMP Scenario 3;
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6. Appendix
Table 3: Simulation assumptions
	Parameter 
	Assumption 

	Scenario 
	CoMP Scenario 2

	
	CoMP Scenario 3 

	Deployment model 
	Hexagonal grid, 19 macro sites, 3 sectors/site

	
	CoMP Scenario 2: Homogeneous deployment with high Tx power RRHs

CoMP Scenario 3: Heterogeneous deployment with Low Tx power RHHs 

	
	5ms、10ms one way backhaul latency 

	Size of coordination set
	CoMP Scenario 2: 9 cell CoMP coordination set

CoMP Scenario 3: 5 cells (within one Macro cell)

	Traffic model 
	Full buffer 

	UE speeds of interest 
	3km/h

	Bandwidth 
	10 MHz 

	Carrier frequency 
	2 GHz 

	Max number of HARQ retransmissions 
	4 

	Channel model 
	CoMP Scenario 2: 3GPP Case 1 (SCM UMA High Spread)

	
	CoMP Scenario 3: Macro to UE: ITU UMA; RRH to UE: ITU UMI

	Transmit power 
	CoMP Scenario 2: 46dBm

CoMP Scenario 3: Macro site: 46dBm; RRH: 30dBm 

	Number of antennas (Macro or (Macro, RRH))
	CoMP Scenario 2: 2
CoMP Scenario 3: (4, 2) 

	Number of UE antennas 
	2 

	Antenna configuration 
	TX: cross-polarized ±45° 
RX: cross-polarized ±45° 

	Number of UE per macro area 
	CoMP Scenario 2: 10

CoMP Scenario 3: 30 (Config 4b) 

	Transmission scheme 
	Rank adaptive SU-MIMO
Rank adaptive CS with ideal backhaul assumption
Rank adaptive inter-eNB centralized scheduling 
Rank adaptive inter-eNB centralized restriction 

	Period of feedback 
	10ms 

	Feedback subband size 
	6PRB 

	Feedback content
	RI, PMI, and CQI with interference outside serving eNB 
RI, PMI, and CQI with assumption of muting at coordinating eNB in measurement set

	Link adaptation 
	Non-ideal 

	Scheduler 
	Proportional fair in time and frequency 

	Measurement set selection threshold
	15 dB 

	Max number of point in measurement set 
	2 

	Overhead 
	25.71% 
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										SU-MIMO

								延时（ms）		平均				边缘																		延时（ms）		平均				边缘

		Config-1		2x2		单双流		0		14601.686104		0.00%		195.735992		0.00%		10.2956488719		0.0460044827						同构9cells		2x2		单双流		0		8640.806		4.0617548737		270.096		0.1269631264

				4x2		单双流		0		15189.961041		0.00%		257.063995		0.00%		10.71044153		0.0604186076								4x2		单双流		0		10846.12				347.408

		Config-4b		2x2		单双流		0		14935.426348		0.00%		274.447998		0.00%		10.530969118		0.0645044278

				4x2		单双流		0		15762.960497		0.00%		328.608002		0.00%		11.1144634464		0.0772338341

				分布式DPB（request方式）																						集中调度DPB

						单向延时（ms）		平均				边缘																		延时（ms）		平均				边缘

		Config1		2x2		0		15354.791228		5.16%		199.88		2.12%				10.8266632949		0.0469784627						同构9cells		2x2		0ms		8536.035				265.552				4.012505519		0.1248271435

						10		15333.684211		5.01%		199.664		2.01%				10.8117807372		0.0469276955										5ms		8213.938		-0.04940141		258.576		-0.0426515017		3.8610984559		0.1215479584

				集中调度2x2		0		14957.756		2.44%		224.32		14.60%																10ms		8025.185				245.688

						5		14735.775		0.92%		226.288		15.61%				10.3901949525		0.0531852229								4x2		0ms		10735.591				342.904

						10		14355.153		-1.69%		217.608		11.17%				10.1218183803		0.0511451336										5ms		10570.352				339.176

				4x2		0		15998.607018		5.32%		256.7919922		-0.11%				11.2806178084		0.0603546779										10ms		10140.434				320.368

						10		16036.785965		5.57%		258.447998		0.54%				11.3075377839		0.0607438945

				集中调度4x2		0		15719.581		3.49%		300.064		16.73%				11.0838765631		0.0705250421						集中restrcition DPB

						5		15586.435		2.61%		298.744		16.21%												同构9cells		2x2		0ms		8785.13		0.0167026085		274.232		0.0153130739		4.1295967753		0.1289073221

						10		15229.207		0.26%		287.68		11.91%				10.7381138557		ERROR:#REF!										5ms		8637.16		-0.0004219514		270.528		0.0015994313		4.0600410107		0.1271661952

		Config4b		2x2		0		15974.160819		6.95%		282.7279968		3.02%				11.2633807935		0.0664505035										10ms		8513.353				269.744

						10		16068.27924		7.59%		282.4960022		2.93%				11.3297436921		0.0663959771								4x2		0ms		11008.055				340.688

				集中调度2x2		0		15228.775		1.96%		325.416		18.57%						0.0764836072										5ms		10831.51				344.848

						5		15080.335		0.97%		317.4		15.65%																10ms

						10		14807.947		-0.85%		308.856		12.54%				10.4410834297		0.0725914552

				4x2		0		16697.798246		5.93%		350.447998		6.65%				11.7736175433		0.0823669611

						10		16703.953216		5.97%		352.8479919		7.38%				11.7779574126		0.0829310397

				集中调度4x2		0		16027.535		1.68%		380.384		15.76%				11.3010149285		0.092955

						5		15819.04		0.36%		375.824		14.37%				11.154005104		0.0883311675

						10		15554.028		-1.33%		360.776		9.79%				10.9671451428		0.0847943859

				分布式DPB（调度方式）

						单向延时（ms）		平均				边缘

		Config1		2x2		0		15443.314		5.76%		231.224		18.13%		10.8890807014		0.0543453475

						5		15080.807		3.28%		223.904		14.39%		10.6334770157		0.0526249035

						10		14997.374		2.71%		225.088		15.00%		10.5746484074		0.0529031829

						15cells 10		15253.288		4.46%		206.2		5.35%

				4x2		0		16285.339		7.21%		297.912		15.89%

						5		15979.221		5.20%		293.56		14.20%

						10		15781.421		3.89%		287.872		11.98%

						15cells 10		15984.311		5.23%		265.184		3.16%

		Config4b		2x2		0		16346.36		9.45%		336.992		22.79%

						5		16092.977		7.75%		325.408		18.57%

						10		16000.931		7.13%		322.056		17.35%		11.2822564481		0.0756938952

						15cells 10		15727.424		5.30%		300.824		9.61%

				4x2		0		17084.558		8.38%		395.496		20.35%		12.0463218458		0.0929547432

						5		16786.193		6.49%		391.08		19.01%		11.8359446843		0.091916836

						10		16682.334		5.83%		385.936		17.45%		11.7627137034		0.0907078245

						15cells 10		16505.727		4.71%		360.544		9.72%
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Sheet1

										SU-MIMO

								延时（ms）		平均				边缘																		延时（ms）		平均				边缘

		Config-1		2x2		单双流		0		14601.686104		0.00%		195.735992		0.00%		10.2956488719		0.0460044827						同构9cells		2x2		单双流		0		8640.806		4.0617548737		270.096		0.1269631264

				4x2		单双流		0		15189.961041		0.00%		257.063995		0.00%		10.71044153		0.0604186076								4x2		单双流		0		10846.12				347.408

		Config-4b		2x2		单双流		0		14935.426348		0.00%		274.447998		0.00%		10.530969118		0.0645044278

				4x2		单双流		0		15762.960497		0.00%		328.608002		0.00%		11.1144634464		0.0772338341

				分布式DPB（request方式）																						集中调度DPB

						单向延时（ms）		平均				边缘																		延时（ms）		平均				边缘

		Config1		2x2		0		15354.791228		5.16%		199.88		2.12%				10.8266632949		0.0469784627						同构9cells		2x2		0ms		8536.035				265.552				4.012505519		0.1248271435

						10		15333.684211		5.01%		199.664		2.01%				10.8117807372		0.0469276955										5ms		8213.938		-0.04940141		258.576		-0.0426515017		3.8610984559		0.1215479584

				集中调度2x2		0		14957.756		2.44%		224.32		14.60%																10ms		8025.185				245.688

						5		14735.775		0.92%		226.288		15.61%				10.3901949525		0.0531852229								4x2		0ms		10735.591				342.904

						10		14355.153		-1.69%		217.608		11.17%				10.1218183803		0.0511451336										5ms		10570.352				339.176

				4x2		0		15998.607018		5.32%		256.7919922		-0.11%				11.2806178084		0.0603546779										10ms		10140.434				320.368

						10		16036.785965		5.57%		258.447998		0.54%				11.3075377839		0.0607438945

				集中调度4x2		0		15719.581		3.49%		300.064		16.73%				11.0838765631		0.0705250421						集中restrcition DPB

						5		15586.435		2.61%		298.744		16.21%												同构9cells		2x2		0ms		8785.13		0.0167026085		274.232		0.0153130739		4.1295967753		0.1289073221

						10		15229.207		0.26%		287.68		11.91%				10.7381138557		ERROR:#REF!										5ms		8637.16		-0.0004219514		270.528		0.0015994313		4.0600410107		0.1271661952

		Config4b		2x2		0		15974.160819		6.95%		282.7279968		3.02%				11.2633807935		0.0664505035										10ms		8513.353				269.744

						10		16068.27924		7.59%		282.4960022		2.93%				11.3297436921		0.0663959771								4x2		0ms		11008.055				340.688

				集中调度2x2		0		15228.775		1.96%		325.416		18.57%						0.0764836072										5ms		10831.51				344.848

						5		15080.335		0.97%		317.4		15.65%																10ms

						10		14807.947		-0.85%		308.856		12.54%				10.4410834297		0.0725914552

				4x2		0		16697.798246		5.93%		350.447998		6.65%				11.7736175433		0.0823669611

						10		16703.953216		5.97%		352.8479919		7.38%				11.7779574126		0.0829310397

				集中调度4x2		0		16027.535		1.68%		380.384		15.76%				11.3010149285		0.092955

						5		15819.04		0.36%		375.824		14.37%				11.154005104		0.0883311675

						10		15554.028		-1.33%		360.776		9.79%				10.9671451428		0.0847943859

				分布式DPB（调度方式）

						单向延时（ms）		平均				边缘

		Config1		2x2		0		15443.314		5.76%		231.224		18.13%		10.8890807014		0.0543453475

						5		15080.807		3.28%		223.904		14.39%		10.6334770157		0.0526249035

						10		14997.374		2.71%		225.088		15.00%		10.5746484074		0.0529031829

						15cells 10		15253.288		4.46%		206.2		5.35%

				4x2		0		16285.339		7.21%		297.912		15.89%

						5		15979.221		5.20%		293.56		14.20%

						10		15781.421		3.89%		287.872		11.98%

						15cells 10		15984.311		5.23%		265.184		3.16%

		Config4b		2x2		0		16346.36		9.45%		336.992		22.79%

						5		16092.977		7.75%		325.408		18.57%

						10		16000.931		7.13%		322.056		17.35%		11.2822564481		0.0756938952

						15cells 10		15727.424		5.30%		300.824		9.61%

				4x2		0		17084.558		8.38%		395.496		20.35%		12.0463218458		0.0929547432

						5		16786.193		6.49%		391.08		19.01%		11.8359446843		0.091916836

						10		16682.334		5.83%		385.936		17.45%		11.7627137034		0.0907078245

						15cells 10		16505.727		4.71%		360.544		9.72%
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